More efficient and reproducible alternative methods of performing agar dilution susceptibility testing are desirable, particularly for anaerobic bacteria. Anaerobes generally grow more reliably on solid media than they do in broth microdilution wells. A new method, the revised spiral gradient endpoint (SGE) method, was evaluated against the standard agar dilution (SAD) method by using a wide variety of anaerobic gram-negative bacilli (161 strains) and eight antimicrobial agents. For the SGE method, a spiral plater was used to set up a concentration gradient of an antimicrobial agent within an agar plate across which bacterial strains were inoculated as radial streaks. After incubation, the MIC of the antimicrobial agent was calculated from the radial endpoint location where bacterial growth ceased along the streak. The MICs for 90% of strains tested (in micrograms per milliliter) and the cumulative percentages of susceptible strains at the breakpoints for the SGE and SAD methods, respectively, and for afl 161 strains were as follows: for metronidazole, 2 and 100 versus 2 and 100; for imipenem, 1 and 99 versus 0. >64 and 65. The excellent agreement of these data and the greater sensitivity, reproducibility, and efficiency of the revised SGE method warrant further evaluations. Assuming that these advantages are confirmed, the revised SGE method should be a useful alternative test method when detailed susceptibility data are desired.
bacilli (161 strains) and eight antimicrobial agents. For the SGE method, a spiral plater was used to set up a concentration gradient of an antimicrobial agent within an agar plate across which bacterial strains were inoculated as radial streaks. After incubation, the MIC of the antimicrobial agent was calculated from the radial endpoint location where bacterial growth ceased along the streak. The MICs for 90% of strains tested (in micrograms per milliliter) and the cumulative percentages of susceptible strains at the breakpoints for the SGE and SAD methods, respectively, and for afl 161 strains were as follows: for metronidazole, 2 and 100 versus 2 and 100; for imipenem, 1 and 99 versus 0.5 and 98; for ampicillin-sulbactam, 8 >64 and 65. The excellent agreement of these data and the greater sensitivity, reproducibility, and efficiency of the revised SGE method warrant further evaluations. Assuming that these advantages are confirmed, the revised SGE method should be a useful alternative test method when detailed susceptibility data are desired.
Antimicrobial susceptibility testing of anaerobes was discussed in a recent review (4) . Differences in testing methodologies affect results, particularly for certain bacterial species and drug combinations. There are certain advantages to testing anaerobic bacteria on solid media by agar dilution rather than microbroth dilution. Yet, the standard procedure for agar dilution testing requires considerable expenditure of technical time and materials. Additional information and methods are needed to improve the efficiency, reproducibility, and reliability of susceptibility testing for anaerobes.
This report describes the results of an evaluation of a new agar dilution method, the revised spiral gradient endpoint (SGE) method (6, 11) . In the SGE method it is possible to circumvent the need for preparation of serial dilutions and incremental plates (11, 12) . A spiral plater (11) is used to deposit a known concentration of an antimicrobial agent onto the surface of an agar plate in a precise spiral pattern of increasing dilution of the compound from near the center of the plate to the periphery, thus setting up a concentration gradient. Bacteria then are inoculated as radial streaks onto the surface of the plate across (perpendicular to) the concentration gradient of the antimicrobial agent in the medium. Following incubation, growth of the bacteria ceases along the radial streak if the bacteriostatic or bactericidal concentration of the antimicrobial agent is reached. This drug concentration can be calculated from the radial location of the growth endpoint based on mathematical formulas that consider the volume and concentration of drug deposited at that position on the plate plus the diffusion characteristics of the drug. A single 15-cm agar plate accommodates testing of up to 17 bacterial strains over a concentration range of an antimicrobial agent covering up to eight twofold dilutions (6, 11) .
The application of the spiral plater for performing antimicrobial susceptibility testing for anaerobes required additional development and standardization beyond that proposed in a preliminary users' guide (6, 11) . As reported here, MIC results determined by the revised SGE method correlated very well with those obtained by a standard agar dilution (SAD) method, a reference test of the National Committee for Clinical Laboratory Standards for anaerobes (9) . A wide variety of species of anaerobic gram-negative bacilli and different classes of antimicrobial agents were tested. The SGE method was more efficient, reproducible, and sensitive than the SAD method. a SAD, Reference agar dilution procedure for antimicrobial susceptibility testing of anaerobic bacteria (9); SGE, revised spiral gradient endpoint method (6, 11, 13) .
MATERIALS AND METHODS

Microorganisms
b MICs are in micrograms per milliliter except for penicillin, which are in units per milliliter.
Percentage of strains susceptible to moderate (first number) and high (second number) breakpoint concentrations. The moderate-and high-breakpoint concentrations, respectively, used for analysis of the activities of these drugs were as follows: penicillin G, 16 and 32 U/ml; ampicillin, 8 and 16 ,ug/ml; ampicillin plus sulbactam, 8 and 16 ,ug/ml (based on ampiciltin); mezlocillin, 64 and 128 .Lg/ml; cefoxitin, 16 susceptible species, such as the black pigmenting group, all species, at the low end of the concentration range (Table 1) . Drug susceptibilities. The susceptibility data for the strains tested by the SAD and SGE methods (Table 1) demonstrated high activity, in general, with metronidazole, imipenem, and ampicillin-sulbactam. Ampicillin was significantly less active alone than it was when it was combined with sulbactam, a ,B-lactamase inhibitor. For the other drugs, their activities sometimes markedly depended on the particular strains or species tested. For example, strains of B. fragilis were much more susceptible than were certain species and strains among the B. fragilis group, other members ( Table 1) . The black pigmenting group, all species, generally were very susceptible to almost all of the drugs tested (Table 1) , and cumulative susceptibilities usually were 100% at the high (and moderate) breakpoint. B. bivius was susceptible to the majority of drugs at the high breakpoint. Strains among Bacteroides, all other species, in general were very susceptible to metronidazole, imipenem, ampicillin-sulbactam, clindamycin, and cefoxitin, but somewhat less so to the other drugs tested (Table 1) , depending on the species and strain. Virtually all strains of Fusobacterium were very susceptible to all of these drugs.
DISCUSSION
Excellent agreement was demonstrated between the MIC data obtained by the revised SGE method compared with those obtained by the SAD method. Overall, there was a 94% correlation at ±+1 twofold dilution for GMICs matched against SAD test MICs for these antimicrobial agents within the range of concentrations which generally would be used for clinical susceptibility testing. Also, the intralaboratory repeatability of the revised SGE method (TEC endpoint) was approximately ±24%, compared with the accepted reproducibility of +100 and -50% (±1 twofold dilution) for the SAD test (6, 9) . This advantage probably is due primarily to the more precise mechanical dilution of the antimicrobial agent by the spiral plater than is possible by manual dilution.
Prior to the revision of the SGE method (6) , limited data on the application of the spiral plater to susceptibility testing were encouraging and supported further studies for anaerobic (3) and aerobic (7, 14) bacteria. These studies were based on a preliminary users' guide (11) . Recently, a new edition of the users' guide has become available that encompasses the revised procedures and formulas (13) . Further evaluations of the revised method are needed, since the data set reported here also was used to derive the formulas and changes that make up much of the revised SGE method (6) . However, results of a subsequent separate study (8) indicate that results of the revised SGE method correlate well with MIC data obtained by serial twofold agar dilution susceptibility testing.
Other investigators, in general, have reported similar susceptibilities (1, 2, 5, 10, 15, 16) for the species of anaerobic gram-negative bacilli tested in the present study by the SAD method. This consistency of the present SAD data with data given in these previously published reports also supports the validity of the SGE test data, which correlated well with the SAD results.
The added precision and reproducibility of the SGE method and the TEC endpoint could be expected to decrease intra-and interlaboratory variabilities. Yet, some irreducible variability regarding the percentage of susceptible strains is likely, since MICs tend to cluster around the breakpoint for certain drug and organism combinations. The more precise and continuous TEC endpoint often indicated that the MICgo really was closer to the susceptible range than might be apparent by the SAD MICg. Examples within the Bacte- roides, all other species, group were as follows: for mezlocillin, the SAD MIC%0 was >128 ,ug/ml (resistant), but the TEC MIC90 was 127.7 ,ug/ml, just below the susceptible breakpoint; and for cefoxitin, the SAD MIC90 was 32 ,ug/ml, but the TEC MIC9J was 15.5 ,ug/ml. Thus niently provides the range, the M'C50, the MIC%, and the full spectrum of susceptibilities in terms of the more precise TEC. Other convenient analyses also are available. The SGE inoculum replicator has been improved for easier loading of the inocula and repetitive inoculation of plates. Previous work (6) demonstrated that comparable results were obtained for intervals of 0.75 to 8 h in between deposition of the antimicrobial agent and inoculation of the bacteria onto plates, providing for greater flexibility in scheduling. Thus, this revised SGE method has many observed and potential advantages (6) as a modified procedure for agar dilution susceptibility testing for anaerobic (and aerobic) bacteria.
In summary, the present evaluation and certain advantages (6) of the revised SGE method support its application when detailed susceptibility data are needed or desirable. If further testing confirms the added precision, reproducibility, and efficiency of the revised SGE method for determining MICs, this should warrant its consideration and recognition as an alternative agar dilution method for testing anaerobic (and aerobic) bacteria. Acquisition of the necessary spiral gradient equipment would be most practical for laboratories that perform many MIC susceptibility tests, for laboratories that are active in developing standardized procedures, or for both types of laboratories.
